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Abstract 
Load spectrum is important for accelerated reliability test and fatigue life prediction of mechanical structure. To study the load 
spectrum, load signals of transmission system of closed high-speed press were collected under 20 working conditions. The real 
load signals that reflect dynamic characteristics of the inertial force and the impact load were obtained after signals pretreatment 
and characteristics analysis. In addition, the load spectrum was obtained after the load time histories had been processed by 
means of rain-flow counting method. The testing load spectrum provides the first-hand data for fatigue life prediction, studying 
fatigue damage and accelerated reliability test of the transmission system. 
 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of Nagoya University and Toyohashi University of Technology. 
Keywords: Load spectrum; Transmission system ; Closed high-speed press; Rain-flow counting method 
1. Introduction 
Load spectrum is one of the most important foundations to conduct fatigue test about transmission system of 
high-speed press. And knowing the change law of the load spectrum is a necessary prerequisite to fatigue test, 
fatigue life estimation and fatigue strength calculation of the transmission parts of high-speed press [1-3]. However, 
the load which transmission system endured is changing in time. Only statistical methods can be used for analyzing 
and describing random load when calculating and testing the fatigue strength of the transmission in laboratory [4,5]. 
The main influence factors of fatigue damage are load amplitude and the number of load cycles [6,7]. And counting 
method is commonly used [8].  
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This dissertation focused on closed high-speed press which is designed by Yangzhou Metalforming Machine 
Tool Group Co., Ltd. The load time histories were obtained by vector superposition of inertial force, impact load 
and gravity. And the load spectrum was obtained after the load time histories had been processed by rain-flow 
counting method. 
2. Load testing method for high-speed press transmission system 
2.1. Load of high-speed press transmission system 
The closed high-speed press, as shown in Fig. 1, is a type of forging machine using a mechanical drive. Kinetic 
energy of motor is transmitted to upper die through transmission system. Dies make steel plates achieve a certain 
deformation. The working principle is shown in Fig. 2. Belt transmits the motion of motor from small pulley to big 
pulley, and then the motion is transmitted on main linkage to slider, which converts rotary motion of crank shaft 
into straight reciprocating motion[9]. 
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1-Motor;   2-  Motor wheel;  3- Fly wheel;  4- Clutch and Brake; 
5-Linkage; 6-Guide pillar; 7-Slider; 8-Lower die; 9-Foundation; 
10-Worktable;  11-Upper die;  12-Crank;   13-Additional weight.          
 Fig. 1. Physical figure of closed high-speed press.                               Fig. 2. Composition and principle sketch of press. 
Generally, in order to obtain the load of press transmission system, strain gauges are installed on components 
[10]. Due to inconvenient installation of strain gauges, an indirect approach is adopted in this paper. According to 
the vertical acceleration and impact load of the main slider which are measured in advance, we can gain inertial 
force and impact load. When those dates are calculated, the load of transmission system can be obtained indirectly. 
To this closed high-speed press, the mechanism is a slider-crank mechanism with a balance mechanism, which 
includes four linkages in total. In this paper, executive mechanism is major object which we care. For the sake of 
convenience, motion relationship sketch is simplified and coordinate system is established as shown in Fig. 3. And 
then, analyzing forces acting on slider, force sketch of the slider is shown in Fig. 4. According to force balance 
relationship of slider, we obtain 
4 14 34 sinxF F F T   ,  (1) 
4 34 4 4 4cosy imF F F m a m gT     ,  (2) 
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where F4x  is resultant force of slider (4) in the x direction; F4y is resultant force of slider (4) in the y direction; Fim 
is  impact load acts on the slider; F14 is the force acts on the slider (4) caused by the body (1); F34 is the force acts 
on the slide r(4) caused by the link (3).  
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Fig. 3. Motion sketch of slider-crank mechanism.                                 Fig. 4. Force sketch of the slider. 
In this paper, because transmission system is considered as a whole, the internal forces between the parts of 
transmission system could be ignored. In comparison with the inertial force of slider, the inertial force of the 
linkage and the crank is so small that it could be neglected. Therefore, the load of the transmission system can be 
obtained 
4 4 4imF F m a m g   ,  (3) 
where F is resultant force of slider(4) but internal forces F34 and F14. 
2.2. Design of working conditions and test scheme 
The object of this study is a closed high-speed press. The main specifications of this press are depicted as 
following: Nominal force: 1250 kN, Number of stroke: 160-500 spm, Slide block stroke: 50 mm and Stroke under 
nominal force: 1.6mm. As the company recommends, the number of stroke should not be exceed seventy percent of 
rated number. Therefore, the stroke frequencies are set to: 150, 200, 250, 300 and 350 spm. And impact load of test 
conditions are set to: 40, 60, 80 and 100% of the nominal force. There are 20 working conditions in total. 
2.3. Testing device and data collection 
In order to measure the vertical acceleration, wireless acceleration sensor is installed on the upper surface of 
slider. The impact load is measured by two load cells between slider and work table. The locations of wireless 
acceleration sensor and load cells are shown in Fig. 5. 
In order for the data to be collected, two kinds of data collection devices are used in this test: one is BeeTech 
data acquisition card, and the other is Sigmar SLM-4 load tester collection box. The former is used for data 
acquisition of acceleration, and the latter is used for data acquisition of impact load. The system of data acquisition 
is shown in Fig. 6. 
Pile driving test is carried out to simulate actual working conditions. Impact load of two load cells can be 
adjusted by changing the height of slider. By watching peaks of impact force, we could judge whether impact force 
reaches the set-point value: 40%, 60%, 80% and 100% of the nominal force. The test data of 20 working conditions 
are all collected in a steady-state about 60 seconds. The acceleration of the slider is shown in Fig. 7 and the impact 
load is shown in Fig.8 under condition for impact load of 1250 kN and stroke frequency of 350 spm. 
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      Fig. 5. Installation schematic diagram of sensors.                                                    Fig. 6. Data acquisition system. 
0 0.1 0.2 0.3 0.4
-2
0
2
4
6
Time/s
A
cc
el
er
at
io
n/
g
0 0.1 0.2 0.3 0.4
-200
0
200
400
600
800
1000
1200
1400
Time/s
Fo
rc
e/
kN
 
Fig. 7. Acceleration time histories of slider under condition for impact     Fig. 8. Impact loading time histories under condition for impact load 
           load of 1250 kN and stroke frequency of 350 spm.                              of 1250kN and stroke frequency of 350 spm. 
3. Data processing 
3.1. Data preconditioning 
After completion of the data acquisition, a pretreatment should be adopted to achieve the following purposes:  (1) 
identifying and removing the outliers; (2) removing the data deviation caused by the baseline drift; (3) filtering out 
the high frequency interference and power line interference. 
3.2. Calculation of load 
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Fig. 9. Load time history of transmission system under condition for impact loading of 1250 kN and stroke frequency of 350 spm. 
1649 Hao Chen et al. /  Procedia Engineering  81 ( 2014 )  1645 – 1650 
The transmission system bears three types of loads when it works: gravity, inertia load and impact load. 
Compared with the inertial force of slider, the inertial force of other parts is so small that could be neglected. And 
inertial load of the slider can be calculated by the mass and the acceleration of slider, the impact load can be 
measured by load cells. The impact load-time history of the transmission system is obtained by equation (3). Fig.9 
is the impact load-time history of transmission system under condition for impact load of 1250 kN and stroke 
frequency of 350 spm. 
3.3. Rain flow count 
To study the fatigue reliability and life estimation of the transmission system, load-time history should be 
determined. The main influence factors of fatigue damage are load amplitude and the number of load cycles. Only 
statistical method can be used to describe load-time history. So, rain-flow counting method is used in this paper. 
Fig. 10 is rain-flow matrix under condition for impact load of 1250 kN and stroke frequency of 350 spm. It can 
be easily found that impact load only takes a very small part of the total load cycles, although it makes much 
greater contributions to the fatigue of the transmission system under this working condition. After filtering the load 
whose amplitude is small in each working condition, the rain-flow matrix of the transmission system can be 
obtained by weighting the rain-flow matrices of 20 working conditions, as shown in Fig. 11. At the same time, load 
spectrum of the transmission system is obtained as shown in Table 1. 
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Fig. 10. Rain-flow matrix under condition for impact loading of 1250 kN and stroke frequency of 350 spm. 
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Fig. 11. Rain-flow matrix of transmission system. 
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Table.1. Load spectrum of transmission system 
Force/kN Cycles Force/kN Cycles Force/kN Cycles Force/kN Cycles 
-18 43 302 0 622 0 942 7168 
22 0 342 0 662 1261 982 1078 
62 0 382 47 702 1981 1022 0 
102 0 422 1242 742 361 1062 1 
142 0 462 458 782 0 1102 0 
182 0 502 0 822 0 1142 631 
222 0 542 0 862 0 1182 122 
262 0 582 0 902 523 ü ü 
4. Conclusions 
Acceleration and impact load of transmission system of closed high-speed press were measured under 20 
working conditions. And load-time histories were obtained by vector superposition of inertial force, impact load 
and gravity. At last, load spectrum of the transmission system was obtained by means of rain-flow counting method. 
The testing load spectrum provides the first-hand data for fatigue life prediction, researching fatigue damage and 
accelerated reliability test of the transmission system of closed high-speed press. It laid the groundwork for the 
future work. 
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